A new functional biomimetic model of cytochrome c oxidase is reported. It is synthesized in 32 steps. Single turnover reaction with oxygen leads to the same intermediates as the ones reported in the enzyme: Fe(III)O 2˙-/Cu(I)/PhOH (oxygen complex), and Fe(IV)=O/Cu(II)/PhO˙ (PM). A sister model derivatized with an alkyne was immobilized on azide-functionnalized self-assembled monolayer (SAM) coated gold electrodes by Cu(I)-catalyzed click chemistry. The rate of electron transfer from the electrode to the model was controlled by the length of the linker in the SAM. Steadystate turnover was achieved at biologically relevant electron transfer, where CuB and Tyr244 mimics rapidly deliver their electrons, hence minimizing the release of partially reduced oxygen species (PROS).
This so-called oxidative stress is involved in the pathology of several diseases, such as Alzheimerʼs disease, stroke, diseases of the nervous system, and cardiovascular disorders. 4 Hence it is crucial that CcO reduces O 2 with a high degree of selectivity, without releasing PROS. CcO is bound to the inner mitochondrial membrane, and a few crystal structures of its active site (from beef heart and P. denitrificans) have been reported. 5 Several studies suggested Tyr244 to be the likely source of the fourth electron 9-11 and a proton in the mixed valence enzyme. 12
Mimicking the active site of cytochrome c oxidase may be important for two reasons: 1) a model is well defined, hence it could help understand the mechanism of oxygen reduction by CcO, and hence is relevant to health-related matters; 2)
CcO is at the heart of the mammalian energy machinery and hence should be a source of inspiration for the development of bioinspired catalysts in the context of energy-related matters. 
■■ 2. Synthesis of the CcO model
Based on crystal structures of the enzyme, 5-7, 13 models 1 and 2 were synthesized with an FeCu distance within 5Å.
The electron count shows that 2e-come from Fe, 1e-from Cu, and 1e-from Tyr244 (Fig. 2) . The model was synthesized in 32 steps, starting from an a 3 b-porphyrin atropisomer synthon, and three different imidazoles synthons: a crosslinked imidazole-phenol mimicking His240-Tyr244, an imidazole tail on the proximal face mimicking His376, and two simpler imidazoles mimicking His290 and His291 (Fig.   2 ). [14] [15] [16] [17] Earlier models had a CF 3 group that had dual purposes: a) it was used as a fluorine marker in 19 regioselective acyl-catalyzed decarboxylation. 19 The major 5-carboxylato regioisomer is converted to an acyl chloride.
The porphyrin synthon 26 (Fig. 4) was synthesized by 570-575 cm -1 isotopically shifted by 26 cm -1 upon using 18 O 2 . 21, 22 The dioxygen complex is diamagnetic as evidenced by 1 H-NMR and 19 F-NMR. Note that the chemical shift of the CF 3 marker is Figure 7 ). 21 Such a reaction is evidenced by a complex EPR signal that develops in intensity at g=2, and resonance Raman with a peak at 770 cm -1 and 812 cm -1 . Rotating Ring Disk electrode (RRDE). 24 However, EPG has two major drawbacks: it is an ill-defined surface, and the electron transfer from EPG to the catalyst is several orders of magnitude faster than that of the electron delivery from Cyt. catalysts, these azide-modified surfaces react rapidly with acetylene-terminated species, such as ferrocene, 28 or catalyst 1, 29 forming 1,2,3-triazoles, via "click" chemistry. This
reaction initially reported in homogeneous solution by
Sharpless is remarkable because it requires mild conditions, it is quantitative, and it is mainly performed in aqueous media. 30 Moreover the triazole is robust and provides similar electronic coupling as previously reported linkers, such as esters. 31 All these criteria were appealing for SAMs because they are very fragile. The use of click chemistry for the immobilization of molecules on solid surfaces, that we pioneered, 32 of the diluent. 36 Electron transfer rates from electrode to ferrocene were measured using chronoamperometry and could be varied from >10 4 to 2s -1 (Fig. 8) , the slowest and biologically relevant rates were obtained on a C16 (linker)/ C16(diluent) SAM. 36 The resulting RRDE built with a SAM-coated gold disk instead of an EPG disk was used as a normal RRDE. 29 Dioxygen is reduced at the disk, and any partially reduced oxygen species, PROS, can be analyzed as H 2 O 2 at the platinum ring which surrounds the disk (Fig. 9 ). 24 The Pt ring is held at a sufficiently high potential to oxidize hydrogen peroxide and its current is displayed at the bottom of the voltammogram. The current measured at the disc is swept from positive to a negative potential where oxygen is reduced.
The ring current is an indirect measure of the selectivity of a model in the catalytic reduction of oxygen. Three models were immobilized and studied on a slow SAM, where the electron transfer rate to the catalyst is biologically relevant (Fig. 10) . 29 This is because of the hydrolysis of the oxygen complex which is promoted by electrophiles such as protons. 37 
■■ Conclusion
We have shown that gold electrodes could be coated with 
